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1 Summary 

 

This is a cyclic report on the quality of wind and wave observations from the radar altimeter SRAL on-

board Sentinel-3A and their timely availability for Cycle No. 024 (period from 28/10/2017 to 

23/11/2017). The product under consideration is the Level 2 Marine Ocean and Sea Ice Areas (SRAL-

L2MA) also referred to as S3A_SR_2_WAT that is nominally distributed in near real time (NRT). This work 

covers the Cal/Val Task SRAL-L2MA-CV-230 (Wind, wave product validation vs models). 

Radar backscatter (sigma0), surface wind speed (WS) and significant wave height (SWH) from product 

S3A_SR_2_WAT are monitored and validated using the procedure used successfully for the validation of 

the equivalent products from earlier altimeters.  The procedure is described in Appendix A.  The 

procedure composed of a set of self-consistency checks and comparisons against other sources of data.  

Model equivalent products from the ECMWF Integrated Forecasting System (IFS) and in-situ 

measurements available in NRT through the Global Telecommunication System (GTS) are used for the 

validation. 
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2 Events 

The major changes and events that may had impact on the results of the validation of Sentinel-3 wind 

and wave products presented in this report are listed below (items in bold are satellite related): 

¶ 16 February 2016: Launch of Sentinel-3A 

¶ 08 Mar 2016: Model change to CY41R2. The main change is the implementation of the 

new 9-km cubic octahedral grid (TCO1279) for the high resolution 

configuration of IFS. 

¶ 09 April 2016: Switch SRAL to LRM Mode 

¶ 12 April 2016: Switch SRAL back to SAR Mode 

¶ 14 October 2016: Implementation of SRAL processing chain IPF-SM-2 version 06.03 

¶ 17 November 2016: Implementation of SRAL processing baseline (PB) 2.9 which includes 

processing chain IPF versions 06.07 and 06.05 for Level-1 and Level-2, 

respectively. 

¶ 22 November 2016: ECMWF model changed to CY43R1. This change has almost no impact on 

the products assessed here. 

¶ 29 November 2016: ADF SR_2_CON_AX (SM-2) Ver. 006: SAR Sigma0 increased by 0.35 dB 

and PLRM Sigma0 increased by 0.1 dB. 

¶ 05 December 2016: Implementation of further changes to ǘƘŜ ǇǊƻŎŜǎǎƛƴƎ ŎƘŀƛƴ ά{w![κa²w 

L2 IPF (SM-нύ ±ŜǊΦ лсΦлрέ 

¶ 12 January 2017 Implementation of Level-1 IPF version 06.09. 

¶ 28 February 2017 Implementation of PB 2.10 which includes: Level-1 IPF version 06.10, 

MWR IPF version 06.03 and Level-2 IPF version 06.06. Updated 

calibrations were introduced. 



 

Sentinel-3 MPC 

S3-A Wind & Wave Cyclic Performance Report 

Cycle No. 024 

Ref.:  S3MPC.ECM.PR.07-024 

Issue:  1.0 

Date:  29/11/2017 

Page:  3 

 

¶ 12 April 2017 Implementation of PB 2.12 which includes Level-1 IPF version 06.11 and 

Level-2 IPF version 06.07. The change targeted the generation of Level-

1b-S products with no impact on Level-2 products. 

¶ 11 July 2017 ECMWF model changed to CY43R1. This change has almost no impact on 

the products assessed here. However, it impacted the corrections 

computed from the model fields like dry and wet tropospheric corrections. 

  

All ECMWF Integrated Forecast System (IFS) model changes are summarised at:  

http://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model 
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3 Data Processing 

The validation is based on the NRT operational Sentinel-3A Surface Topography Mission Level 2 (S3-A 

STM L2) wind and wave marine products (S3A_SR_2_WAT) product. For the time being, the product 

distributed by EUMETSAT in netCDF through their Online Data Access (ODA) system is used after 

converting into ASCII format but this will be replaced by the formal BUFR (Binary Universal Form for the 

Representation of meteorological data) format whenever becomes available. The raw data product is 

collected for 6-hourly time windows centred at synoptic times (00, 06, 12 and 18 UTC). 

The data are then averaged along the track to form super-observations with scales compatible with the 

model scales of around 75 km. It is worthwhile mentioning that the model scale is typically several (4~8) 

model grid spacing (e.g. Abdalla et al., 2013). This corresponds to 11 individual (1 Hz) Sentinel-3 

observations (7 km each). 

To achieve this, the stream of altimeter data is split into short observation sequences each consisting of 

11 individual (1-Hz) observations. A quality control procedure is performed on each short sequence. 

Erratic and suspicious individual observations are removed and the remaining data in each sequence are 

averaged to form a representative super-observation, providing that the sequence has enough number 

ƻŦ άƎƻƻŘέ ƛƴŘƛǾƛŘǳŀƭ ƻōǎŜǊǾŀǘƛƻƴǎ όŀǘ ƭŜŀǎǘ тύΦ The super-observations are collocated with the model and 

the in-situ (if applicable) data. The raw altimeter data that pass the quality control and the collocated 

model data are then investigated to derive the conclusions regarding the data quality. The details of the 

method used for data processing, which is an extension to the method used for ERS-2 RA analysis and 

described in Abdalla and Hersbach (2004), are presented in Appendix A. 

The data are closely monitored and verified using the ECMWF IFS model products. Similar products from 

other altimeter missions are also used for verification. On a weekly and a monthly basis, the data are 

verified against available in-situ data in addition to the model data.  Internal weekly and monthly plots 

summarising the quality of Sentinel-3 products for that week or month are also produced, examined and 

archived for future reference. 

This specific report gives the assessment of Level 2 S3A_SR_2_WAT wind and wave products made 

available by ESA/EUMETSAT through EUMETSAT ODA System covering Cycle No. 024 (from 28/10/2017 

to 23/11/2017). 
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4 Radar Backscatter and Surface Wind Speed 

4.1 Backscatter 

Backscatter coefficient (̀ ° or Sigma-0) from Sentinel-3A S3A_SR_2_WAT product seems to be 

reasonable and compares well with that from other altimeters. The backscatter global histogram (or the 

probability density function, PDF) of Sentinel-3A SRAL for the whole of Cycle 024 (except the last two 

days) is shown in Figure 1. The shape of the PDF for this cycle is similar to that of all previous cycles since 

Cycle 012. Sentinel-3 PDF compares quite well with those of other altimeters (after adjusting Jason-2/3 

by about 2.5 dB; not shown). 

The time series of the global (ice-free ocean only) mean and standard deviation (SD) of backscatter 

coefficients from SRAL of Sentinel-3A are shown in Figure 2. The temporal change in the mean and the 

SD of backscatter is not much different than the other altimeters (not shown). The plot shows the 

average of a moving window of 7 days moved by one day at a time to produce smooth plots. Both the 

mean and the SD of the backscatter are stable over the last few cycles. 

 

Figure 1: Sentinel-3A SRAL ocean Ku-band backscatter histogram (PDF) over the whole globe and for the period 

of Cycle 024. For comparison, the same plot from the previous cycle is shown as dashed black line. 

4.2 SAR Mode Surface Wind Speed 

Figure 3 shows the global SAR wind speed PDF of Sentinel-3A for Cycle 024. The PDF of the previous 

cycle is shown for comparison. The PDFΩǎ of the ECMWF Integrated Forecast System (IFS) model wind 

speed collocated with Sentinel-3 during the two cycles are also shown. It is clear that the PDF of 

Sentinel-3 wind speed is close to that of the model as well as the other altimeters (not shown). 

However, there are some deviations mainly around the peak of the PDF. 
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Figure 2: Time series of global mean (top) and standard deviation (bottom) of backscatter coefficient of SRAL Ku-

band after quality control. Mean and SD are computed over a moving time window of 7 days. 

 

Collocated pairs of altimeter super-observation and the analysed (AN) ECMWF model wind speeds are 

plotted in a form of a density scatter plot in Figure 4 for the whole global ocean over the whole Cycle 

024 (except the last two days). The scatter plots in Figure 4 and other similar wind speed scatter plots 

that appear hereafter represent two-dimensional (2-D) histograms showing the number of observations 

in each 2-D bin of 0.5 m/s ³ 0.5 m/s of wind speed. It is clear that the agreement between Sentinel-3 

winds and their model counterpart is very good with virtually no bias (except for slight bias at high wind 

speed values). Sentinel-3A wind speed is as good as that of the other altimeters. The standard deviation 

of the difference (SDD) with respect to the model, which can be used as a proxy for the random error, is 

less than 1.1 m/s (about 14% of the mean) which is similar to that of other altimeters. The other fitting 

statistics are shown in the offset of Figure 4. The scatter plots for Sentinel-3 versus the model 

collocations discriminated based on their geographical locations whether in the Northern Hemisphere 

(north of latitude 20̄N; NH), the Tropics (between latitudes 20̄S and 20̄N) or the Southern Hemisphere 

(south of latitude 20̄S; SH) are shown in panels (a), (b) and (c) of Figure 5, respectively.  The 

contradicting bias behaviour of SRAL SAR mode compared to the model within the range from 7 to 15 

m/s in the last few cycles before Cycle 017 (slight overestimation in NH versus slight underestimation 

in the SH) seems to be reversed during the last few cycles with an evident underestimation in the NH 
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but not as evident increase in the SH. This reversed behaviour is a strong indication of a seasonal signal. 

Further monitoring during the coming cycles is still needed to confirm this observation. 

 

Figure 3: Sentinel-3A SRAL SAR surface wind speed PDF over the whole global ocean and for the period of Cycle 

024. The corresponding ECMWF (collocated with Sentinel-3) PDF is also shown for comparison. The 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ t5CΩǎ (SRAL and model) from the previous cycle are also shown as dashed lines. 

 

Figure 4: Global comparison between Sentinel-3A SRAL and ECMWF model analysis surface wind speed values 

over the period of Cycle 024. The number of collocations in each 0.5 m/s x 0.5 m/s 2D bin is color-coded as in the 

ƭŜƎŜƴŘΦ ¢ƘŜ άȄέ ǎȅƳōƻƭǎ ŀǊŜ ǘƘŜ ƳŜŀƴǎ ƻŦ ǘƘŜ ōƛƴǎ ŦƻǊ ƎƛǾŜƴ Ȅ-ŀȄƛǎ ǾŀƭǳŜǎ όƳƻŘŜƭύ ǿƘƛƭŜ ǘƘŜ άƻέ ǎȅƳōƻƭǎ are the 

means for given y-axis values (Sentinel-3). 
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(a)

   

(b)

  

(c)

  

Figure 5: Same as Figure 4 but for Northern Hemisphere (latitudes to the north of 20̄ N), Tropics (latitudes 

between 20̄ S and 20̄ N) and Southern Hemisphere (latitudes to the south of 20 ̄S), respectively. 

The time series of the global mean and standard deviation (SD) of the wind speed from Sentinel-3 over a 

7-day time window moving by 1 day at a time are shown in the upper and lower panels, respectively, of 

Figure 6. The corresponding time series of the model are also shown for comparison. It is clear that since 

early December 2016 Sentinel-3 mean wind speed is very close to that of the model. The global standard 

deviation of the altimeter measurements was almost the same as that of the model for a period of two 

months. However, between early February and early July 2017 and the last two weeks of September 

2017 the standard deviation of the altimeter measurements was slightly lower than that of the model. 

This could not be correlated to any of the processing or model changes (see Section 2). During the 

period from early July till mid-September 2017, the global standard deviations of the altimeter and 

the model winds are almost equal with a tendency for the model values to be lower than those of 

SRAL. The last six weeks witnessed higher SRAL SD values again. This will be kept under monitoring and 

investigation during the coming few cycles. 
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Figure 6: Time series of global mean (top) and standard deviation (bottom) of wind speed from SRAL Ku-band 

after quality control. The collocated model wind speed mean and SD are also shown. Mean and SD are computed 

over a moving time window of 7 days. 

 

The time series of the wind speed weekly bias (defined as the altimeter ς model) and standard deviation 

of the difference (SDD) of SRAL compared to the ECMWF model AN are shown in the upper and lower 

panels, respectively, of Figure 7. Before the end of November 2016, the global wind speed bias was 

stable at about 1 m/s. The impact of IPF change (change of sigma_0 as part of PB 2.9) in late November 

is very evident in Figure 7. The bias in all areas collapsed to very small values (well within °0.4 m/s). It is 

clear that the wind speed bias in each hemisphere follows a seasonal pattern. The NH bias has its 

minimum during July and its maximum during January. The SH bias pattern is the opposite. 

Until the middle of December 2016 (start of implementation of PB 2.9), the wind speed SDD values were 

rather high compared to those of other altimeters (Sentinel-3 SDD of 1.2-1.3 m/s versus 1.0-1.2 m/s for 

the other altimeters). The values decreased with the implementation of PB 2.9 and the increase of 

backscatter value and apparently they are now in line with other altimeters. The SDD seems to follow a 

seasonal cycle in the NH and the SH similar to those of the bias. 

Figure 6 and Figure 7 do not show any impact as a result of implementation of PB 2.10 which was 

introduced on 28 February 2017. However, the positive impact is clear when the SDD between SRAL and 

ECMWF model is compared to SDD values of other altimeters. This is well demonstrated in Figure 20 in 

Appendix B. 
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Figure 7: Time series of weekly wind speed bias defined as altimeter - model (top) and standard deviation of the 

difference (bottom) between SRAL Ku-band and ECMWF model analysis. 

 

The geographical distribution of the mean Sentinel-3 wind speed and the wind speed bias, SDD and 

scatter index (SI, defined as the SDD divided by the model mean and expressed in percentage in the last 

panel) with respect to the ECMWF model averaged over the period of Cycle 024 are shown in Figure 8. 

While the mean wind speed, the SDD and SI distributions all look similar to their counterparts from 

other altimeters (not shown), the bias in panel (b) is rather low almost everywhere. 

The comparison against in-situ (mainly buoys located in the Northern Hemisphere around the American 

and European coasts) measurements is shown in Figure 9. The overall bias against in-situ observation for 

this cycle is rather small (~ 0.2 m/s). The SDD (a proxy to the random error) is about 1.47 m/s which is 

~18% of the mean. These figures are comparable to same statistics emerging from the comparison of 

other altimeters against in-situ observations (not shown). Within the scatter, it is possible to notice 

that SRAL underestimates wind speeds above 7 m/s compared to the in-situ measurements. This is 

consistent with the model comparison in the NH (Figure 5a). 
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4.3 PLRM Surface Wind Speed 

Collocated pairs of SRAL Pseudo Low Rate Mode (PLRM) wind speed super-observation and the analysed 

(AN) ECMWF model wind speeds are plotted in a form of a density scatter plot in Figure 10 for the 

whole globe over the whole of Cycle 024 (except for the last two days). It is clear that the agreement 

between PLRM winds and their model counterpart is fairly good. The significant improvement noticed 

for Cycle 012 and lost during Cycle 013 was recovered during the last few cycles but with a noticeable 

minor degradation during the last three cycles. 
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(a)

  

(b)

  

Figure 8: Geographical distribution of mean Sentinel-3 wind speed (a) as well as the bias (b); the SDD (c) and the 

SI (d) between Sentinel-3 and ECMWF model AN during Cycle 024. Bias is defined as altimeter ς model. 

 

 


















































